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(57) Abstract 

A photoresist-free method for making patterned films of metal oxides, metals, or other metaJ containing compounds is described. The 
method involves applying an amorphous film of a metal complex to a substrate. The film may be conveniently applied by spin coating 
using standard industry techniques. The metal complex used is photoreactive and undergoes a low temperature chemical reaction in the 
presence of light of a suitable wavelength. The end product of the reactions depends upon the atmosphere in which the reactions take place. 
Metal oxide films may be made in air. Patterned films may be made by exposing only selected portions of the film to light. Patterns of 
two or more materials may be laid down from the same film by exposing different parts of the film to light in different atmospheres. The 
resulting patterned film is generally planar. Separate planarization steps are not generally required. 
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METHOD FOR DIRECTLY DEPOSITING 
METAL CONTAINING PATTERNED FlhMS 

Field of the Invention 

This invention relates to methods for fabricating patterned film* of 
5 metals or metal containing compounds on a substrate. The invention has 
particular application in forming patterned film s comprising metal oxides 
and/or metals. Other applications include the interconnection of components 
on semi-custom chips and the patterning of integrated circuits, either instead 
of or in conjunction with photo-resist based patterning. The methods of the 
10 invention may be used in the manufacture of certain VLSI devices. 

Backgrou nd of the Invention 

United States patent No. 4,952,556, Mantese et al. discloses a method for 
making patterned films of superconductor materials. The method involves 
15 depositing films of a metallo org anic material on a substrate and patterning 
the film with an electron beam, ion beam or laser. The patterning is 
accomplished by local heating or energy deposit in the fil™ and does not 
involve a photochemical reaction. 

Various electronic devices can be made by depositing thin patterned film* 
20 of materials having different electrical characteristics on a substrate. 
Current techniques for manufacturing such devices generally begin with a 
suitable substrate, such as a wafer of cryst allin e silicon, on which materials 
having various electrical characteristics are deposited. These current 
techniques are expensive because they generally include many steps. Typical- 
25 ly, each step involves applying a photo-resist to the surface of the substrate; 
changing the properties of selected areas of the photo-resist by exposing those 
areas to light, X-rays or an electron beam; removing either the exposed or 
unexposed portions of the photo-resist to expose portions of the underlying 
substrate; chemically treating or depositing a material on the exposed 
30 portions of the substrate; and removing the photo-resist. A disadvantage of 
many such prior art techniques is that resolution can be lost in what is 
essentially a two-stage masking process. 
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Some prior art processes include depositing a layer of material on a 
substrate, applying a photoresist to areas where it is desirable to retain the 
material, and then etching the material away in places where it is not 
required. This method has the disadvantages set out above and the further 
5 disadvantage that the edges of the retained material can be rough or 
undercut. This can ultimately lead to cracks which can cause the device to 
fail. 

Another disadvantage of these processes is that they tend to produce a 
non-planar surface. In these methods materials are often not uniformly 

10 deposited over the surface of the substrate. If a generally planar surface is 
required then a separate planarization step is required. 

In many instances it is necessary to apply a metal film to a 
semiconductor material to make or connect to an electronic device. Prior art 
techniques apply such films by evaporation. Evaporation heats the material 

15 to which the film is being applied. The high temperature produced at the 
interface between the evaporated metal and the underlying material causes 
metal atoms to diffuse into the material and vice-versa. This results in a 
layer of mixed metal and semiconductor at the metal-semiconductor interface 
which can interfere with the performance of the device. 

20 Japanese patent application No. 1004738, assigned to Fujitsu Ltd., 

discloses a method for making a patterned film on a substrate. The method 
involves depositing a metallic resinate, together with a photo-crosslinking 
agent, on a substrate. The photo-crosslinking agent is then exposed and 
developed to yield a pattern which can be reduced to a pattern of metallic 

25 wires by sintering. This method does not disclose a photochemical reaction 
which causes a metal complex to convert into a metal containing material, 
such as metal oxide, on a substrate. It requires a high temperature sintering 
step which is not necessary in processes according to the present invention. 
Japanese patent application No. 62263973, Omura, discloses a method 

30 for making a patterned thin metal film. The method uses an electron beam 
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to decompose portions of an organometallic thin film to form metals. This 
method does not involve a photochemical reaction. 

Kestenbaum et al. f U.S. patent 5,064,685, discloses a method for making 
patterns of metals. The method involves applying a metal-organic ink to a 
5 substrate. The metal organic ink is then heated with a laser to pyrolize the 
ink to leave a deposited metal film. This method exposes the substrate to 
high temperatures and does not allow for the deposition of materials other 
than metals. 

Bickley, et al. Solid State phptprhfimi.stry of (0 a Hi 2 )Pt(N 3 l 2 thin films 
10 on Si(l 11) surfaces J. Photochem. Photobiol. A; Chem,, 67 (1992) 181-186 and 
Ho et al. Solid state gh fltedififflisfcZ " f (Q^JEh^MSE^ HVT=Ni Pd. Prt on 
Siflll) surfaces J. Photochem. Photobiol. A: Chem., 69 (1992) 229-235 
disclose that certain metal complexes deposited on a Silicon substrate can be 
caused to undergo photochemical reactions which result in the loss of the 
15 ligands associated with the metal complex. The films of metal which were 
produced were very impure. These references do not disclose or suggest direct 
patterning of amorphous films of metal complexes. They suggest that such 
metal complexes might be useful in photochemical vapour deposition. 

Some researchers have experimented with photolithography of metal 
20 containing polymer films to produce patterns of metals. These methods 
generally involve patterning a photosensitive polymer film, washing away 
some parts of the film with a solvent and then reducing the remaining parts 
of the film to a metal film by pyrolysis. It is hard to produce pure metal films 
by these techniques. 

25 

Summary of the Invention 

This invention provides a method for making a pattern of a metal 
containing material on a substrate. The method includes the steps of: 
depositing an amorphous film of a metal complex on a surface of a substrate; 
30 placing the film in a selected atmosphere; and exposing selected areas of the 
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film to electromagnetic radiation, which is preferably ultraviolet light, to 
cause the metal complex in the selected areas to undergo a photo-chemical 
reaction. The reaction transforms the metal complex in the selected areas 
into a new metal containing material adherent to the substrate. 
5 In one embodiment of the invention the selected atmosphere comprises 

oxygen and the new metal containing material is a metal oxide. In another 
embodiment of the invention, a metal oxide produced according to the 
invention is reacted with a suitable chemical in a suitable atmosphere to 
reduce the metal oxide to a metal adherent to the substrate. 
10 In a preferred method according to the invention a local temperature of 

the new material is maintained below an annealing temperature of the new 
material. 

Another aspect of the invention provides for the deposition of two 
different materials in a pattern. This aspect of the invention involves the 

15 steps of depositing an amorphous film of a metal complex on a surface of a 
substrate; placing the film in a first selected atmosphere; and exposing first 
selected areas of the film to electromagnetic radiation, which is preferably 
ultraviolet-light, to cause the metal complex in the first selected areas to 
undergo a photo-chemical reaction. The reaction transforms the metal 

20 complex in the first selected areas into a first new metal containing material 
adherent to the substrate. Subsequently, the film is placed in a second 
selected atmosphere; and second selected areas of the film are exposed to 
electromagnetic radiation to cause the metal complex in the second selected 
areas to undergo a photo-chemical reaction. The reaction transforms the 

25 metal complex in the second selected areas into volatile components and a 
second metal containing material adherent to the substrate. The method can 
be used to make self-planar structures. 

In a preferred embodiment, the steps of exposing the first and second 
selected areas of the film to electromagnetic radiation respectively comprise 

30 aligning first and second masks over the substrate and illuminating surfaces 
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of the masks away from the substrate with electromagnetic radiation, which 
is preferably ultraviolet light. 

The metal complex comprises one or more metal atoms bonded to one or 
more ligands. In one aspect of the invention at least one ligand comprises an 
5 azide group. Preferably the ligands are selected from the group consisting of: 
acetylacetonates (both substituted and un substituted); 
dialkyldithiocarbamates; carboxylate; pyridines; amines; diamines; arsines; 
diarsenes; phosphines; diphosphenes; arenes; alkoxy ligands; alkyl ligands; 
and aryl ligands. For depositing metals, metal oxides and metal sulfides, the 
10 ligands are preferably small and do not comprise any organic groups 
containing more than 26 carbon atoms. Most preferably, if the ligands do not 
include phenyl groups then the ligands do not comprise any organic groups 
containing more than 12 carbon atoms. 

15 Brief Description of the Drawings 

In drawings which illustrate spe cifi c embodiments of the invention, but 
which should not be construed as restricting the spirit or scope of the 
invention in any way: 

Figure 1 is a block diagram outlining the steps in practising an 
20 exemplary method according to the invention; 

Figures 2A through 2E are schematic diagrams illustrating intermediate 
steps in the creation of a patterned film on a substrate according to the 
method of Figure 1; and 

Figure 3 is a block diagram of a first alternative method according to the 
25 invention. 

Detailed Description of th e Preferred Embodiment 

This invention provides a process for making a structure comprising a 
30 film on a substrate. The film is patterned and has areas comprising different 
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materials. Unlike most prior art processes, the process does not require the 
steps of applying and removing a photo-resist or similar material to the 
structure being fabricated. 

The process of the invention involves applying an amorphous film 40 of 
5 a metal complex 41 to a substrate 44 and then selectively converting portions 
of film 40 to different metal containing materials by photo-chemically 
reacting selected portions of film 40 in a selected atmosphere. The metal 
complexes which may be used to practise the invention are discussed below. 
The material of substrate 44 may be any one of a wide variety of 
10 materials which are compatible for the purposes of the invention with film 
40 and the metal complex 41. Substrate 44 should be a material which does 
not impair the photochemical reactions described below, is capable of 
adhering to film 40. If the device being manufactured will be exposed to large 
thermal variations then substrate 44 should have a coefficient of expansion 
15 reasonably well matched to that of the material to be deposited. However, 
because this invention does not require high temperature process steps, it is 
not as important for the coefficient of expansion of the substrate to be 
matched to that of the material being deposited as it is in prior art methods. 
Substrate 44 may be, for example, a clean silicon wafer or chip which may be 
20 etched or may have an oxide coating, or a quartz slide. 

Figures 1 and 2A through 2E, illustrate the use of the process of the 
invention to create a patterned film. The process begins (step 20) by applying 
an amorphous film 40 of a selected photo-reactive metal complex 41 to a 
substrate 44. Film 40 may generally be conveniently applied to substrate 44 
25 by spin-coating and typically has a thickness of between 20 nm and several 
jim. The thickness depends upon the desired end product. Where the goal is 
to deposit a very thin layer of a material, such as titanium, for use as a 
binding agent then film 40 should be very thin, for example, in the range of 
20-50 nm. Where the goal is to deposit a conductor approximately 0.5 /im 
30 thick then film 40 is most preferably in the range of approximately 2-5 nm 
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thick. Where the goal is to produce a layer of a dielectric material then film 
40 preferably has a thickness between these ranges. In any case, it is best 
that film 40 be as thin as possible to achieve the desired goal. It is easier for 
reaction by-products to diffuse out of thin films 40 and it is easier to 
5 completely expose thin films 40 to light. 

The spin coating is carried out by placing a drop of a solution of metal 
complex 41 in a chemically compatible solvent onto substrate 44 and then 
rotating substrate 44. In the alternative, a drop of metal complex 41 in 
solution may be dropped on a spinning substrate. The spin coating of metal 
10 complex 41 on a substrate 44 may generally be accomplished with the same 
equipment used to apply films of photoresist in prior art processes. For 
example, a commercial spin coating machine, of a . type available from 
Headway Research Inc. of 3713 Forest Lane, Garland Texas may be used. 
The thickness of film 40 may be adjusted, as is known in the spin coating art, 
15 by adjusting the rate of spin of the substrate, the viscosity of the solution, and 
the concentration of the solution. In some cases, the rate of feed of the 
solution is also a factor. The spin coating may be carried out at room 
temperature. For example, where metal complex 41 is Ni(CO) 2 (PPh } 2 
(wherein Ph represents a phenyl group) the solvent used may be methylene 
20 chloride. With a solution having a concentration of 1.57xl0* 2 M and a spin 
speed of 725 R.P.M. a film having a thickness of approximately 90 nm (90 
monolayers) is formed. After the spin coating is complete, the resulting film 
40 is allowed to dry. 

Next, in step 22, a first mask 48 is aligned over film 40 and film 40 is 
25 placed in a first atmosphere 50. First mask 48 has both opaque areas and 
transparent areas 58. The transparent areas 58 correspond to areas 60 in 
which it is desired to convert film 40 into a different material. 

In step 24, the side of mask 48 away from film 40 is exposed to light from 
a light source 54. Light source 54 emits light of a wavelength (typically in the 
30 blue or ultraviolet wavelengths) which is absorbed by metal complex 41. In 
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general, shorter wavelengths are preferred because short wavelengths offer 
higher pattern resolution. The resolution of the process is generally limited 
by diffraction of the light from light source 54 around mask 48. 

For the examples discussed herein, light source 54 may be a Xe lamp or 
5 a Hg vapour lamp, such as a 100 W high pressure Hg vapour lamp in an 
Oriel™ housing equipped with condenser lenses and a 10 cm water filter with 
quartz optics. A HeCd laser emitting light at 325 nm and/or 416 nm has 
useful properties for use as a light source in association with many metal 
complexes 41. 

10 Light from light source 54 passes through transparent areas 58 in first 

mask 48 and illuminates areas 60 of film 40. Other areas 61 of film 40 are 
in the shadow of first mask 48 and are not illuminated. 

Metal complex 41 in illuminated areas 60 of film 40 reacts under the 
action of the light in first atmosphere 50 in a low temperature photochemical 
15 reaction to form a first new material 70 which is adherent to substrate 44. 
For example, the first atmosphere may be air and first new material 70 may 
be a metal oxide. In non-illuminated areas 61, metal complex 41 does not 
react with first atmosphere 50 because the light necessary for the chemical 
reaction is not present. 

20 The time required to complete the photochemical reaction varies with the 

thickness of the film and the intensity of the applied light. The speed varies 
from metal complex to metal complex. Typical exposure times vary between 
2 minutes in light from a 50 W Hg vapour lamp and several hours under light 
from a 100 W Hg vapour lamp. Light from light source 54 should be as 

25 intense as possible to speed the reaction without interfering with the reaction 
itself. The light used should not be so intense as to unduly heat the substrate. 
In general, the temperature of the substrate should be maintained at a 
temperature lower than the annealing temperature of new material 70. The 
temperature should also be maintained lower than the temperature at which 

30 metal complex 41 thermally decomposes. In most cases the temperature of 
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the substrate should not exceed 320 °C or some lower temperature. It is a 
feature of the invention that, if necessary, many useful new materials 70 may 
be deposited at room temperature, which is impossible with most practical 
prior art processes. 

5 As indicated by arrow 26, steps 22 and 24 may be repeated, with 

different masks in different atmospheres, to form areas of other materials in 
film 40. For example, as shown in Figures 2D and 2E, film 40 is placed in a 
second atmosphere 74 and a second mask 76 is aligned over film 40. Second 
mask 76 is then exposed to light from light source 54. The light passes 
10 through transparent areas 58 in second mask 76 and illuminates areas 78 
of film 40. In illuminated areas 78 of film 40 metal complex 41 reacts under 
the action of the light, in the second atmosphere 74 to form a second new 
material 80. Portions of film 40 in non-illuminated areas 79 of film 40 are 
unaffected. The result, as shown in Figure 2E is a planar structure 
15 comprising regions of first new material 70 and second new material 80. 

In an alternative method according to the invention, as shown in Figure 
3, film 40 is heated in a selected atmosphere (step 25) after step 24 to a 
temperature at which first new material 70 is stable but metal complex 41 
is unstable. The areas of film 40 which comprise metal complex 41 react at 
20 the increased temperature to form a different material. The chemical 
composition of the areas of film 40 which comprise material 70 are either 
substantially unaffected by the heating or affected differently by the heating. 
The result is a film 40 in which areas 60 and areas 61 have different prop- 
erties. 

25 In general, metal complex 41 is a complex of the formula M n L m , wherein 

n= 1, 2, ... and m=l,2, ... and wherein M represents a metal atom and L 
represents a ligand. Complex 41 may be completely inorganic, organometallic 
or metal organic. M may be an alkali or alkaline earth material (for example 
Ba), a transition metal (for example Cr), a main group metal (for example Al), 

30 or an actinide (for example U). In general, metal complex 41 should be as 
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small as possible while having the properties necessary to practise the 
invention. 

Ligands L may all be identical or may be different. Ligands L are chosen 
so that complex 41 can be formed and has the properties that: 1) it can be 
5 deposited in an amorphous film on a substrate; 2) the amorphous film is 
stable or, at least, metastable; 3) on absorbing light of a required wavelength 
in a selected atmosphere the film can be transformed into a different metal 
containing material through a photo induced chemical reaction; and, 4) any 
byproducts of the photo induced chemical reaction should normally be 

10 sufficiently volatile to be removed from the film. To achieve the first two of 
these results, metal complex 41 should have a low polarity and low 
intermolecular forces. As organic groups usually have low intermolecular 
forces, ligands having organic groups at their outer peripheries tend to be 
satisfactory with respect to the first two requirements. 

15 The atmosphere in which the photochemical reaction steps of the process 

of this invention take place may be an inert gas atmosphere, air, a gas 
containing a reactive element or compound, or a vacuum. 

As noted above, film 40 must be amorphous. If film 40 were crystalline 
then it would be difficult or impossible for the ligands, or portions of the 

20 ligands to diffuse out of the film after they are severed by a photochemical 
reaction (for example, the reaction in step 24). This would cause the process 
to be very inefficient. Furthermore, in a crystalline material, the resolution 
of the process would be limited by the non-homogeneity of a crystalline film. 
To make metal complex 41 resistant to reverting to a crystalline state, 

25 ligands L preferably are such that metal complex 41 is asymmetric. The size 
and shapes of organic portions of the ligands may be selected to optimize film 
stability and to adjust the thickness of film that will be deposited by the 
selected film deposition process. Metal complex 41 may be made asymmetric 
by using a ligand which itself has two or more stereoisomeric forms. For 
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example, L may be racemic 2-ethyLhexanoate. The resulting metal complex 
41 has several diff erent stereoisomeric forms. 

The stability of an amorphous film with respect to crystallization may 
also be e nhan ced by making the film of a metal complex 41 which has several 
5 different ligands attached to each metal atom. Such metal complexes have 
several isomeric forms. For example, the reaction of CH 3 HNCH 2 CH 2 NHCH 3 
with a mixture of a nickel(II) salt and KNCS leads to the production of a 
mixture of isomers including the following: 




10 The chemical properties of the different isomers generally do not differ 
significantly, but the presence of several isomers in film 40 impairs 
crystallization of metal complex 41 in film 40. 

Metal complex 41 must also be stable in the sense that it will not rapidly 
and spontaneously decompose under process conditions. The stability of 

15 complexes of a given metal, M, generally depends upon the oxidation state 
of the metal in the complex. For example, Ni(0) complexes are generally 
unstable in air. Consequently, a process for depositing Ni based films, which 
includes processing steps in an air atmosphere, should include a Ni(II) 
complex in preference to a Ni(0) complex. 

20 To achieve the last requirement, at least one ligand must be reactive and 

be attached to complex 41 by a bond which is cleaved when the complex is 
raised to an excited state by the absorption of a photon. Preferably the 
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reactive group is severed from the complex in a photochemical reaction 
initiated by ultraviolet light. To make the photochemical steps in the process 
efficient, it is highly preferable that the intermediate product produced when 
the reactive group is severed is unstable and spontaneously converts to the 
5 desired new material 70 and volatile byproducts. 

There are several mechanisms by which a suitable photochemical 
reaction may occur. Some examples of suitable reaction mechanisms which 
may be exploited according to the invention are as follows: 

(a) absorption of a photon may place metal complex 41 in a Hgand to metal 
10 charge transfer excited state in which a metal to ligand bond in metal 

complex 41 is unstable. The bond breaks and the remaining parts of 
metal complex 41 spontaneously decompose; 

(b) absorption of a photon may place metal complex 41 in a metal to ligand 
charge transfer excited state in which a metal to ligand bond in metal 

15 complex 41 is unstable. The bond breaks and the remaining parts of 

metal complex 41 spontaneously decompose; 

(c) absorption of a photon may place metal complex 41 in a d-d excited state 
in which a metal to ligand bond in metal complex 41 is unstable. The 
bond breaks and the remaining parts of metal complex 41 spontaneously 

20 decompose; 

(d) absorption of a photon may place metal complex 41 in an intramolecular 
charge transfer excited state in which a metal to ligand bond in metal 
complex 41 is unstable. The bond breaks and the remaining parts of 
metal complex 41 spontaneously decompose; 

25 (e) absorption of a photon may place at least one ligand of metal complex 41 
in a localized ligand excited state. In the excited state a bond between 
the excited ligand and the metal complex is unstable. The bond breaks 
and the rem ainin g parts of metal complex 41 spontaneously decompose; 
(f) absorption of a photon may place metal complex 41 in an intramolecular 

30 charge transfer excited state such that at least one ligand of metal 
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complex 41 is unstable and decomposes. After the ligand decomposes the 
remaining parts of metal complex 41 are unstable and spontaneously 
decompose; 

(g) absorption of a photon may place at least one ligand of metal complex 4 1 
5 in a localized ligand excited state wherein the excited ligand is unstable 

and decomposes. After the ligand decomposes the remaining parts of 
metal complex 41 are unstable and spontaneously decompose; and 

(h) absorption of a photon may place metal complex 41 in a metal to ligand 
charge transfer excited state in which at least one ligand of metal 

10 complex 41 is unstable and decomposes. After the ligand decomposes the 

remaining parts of metal complex 41 are unstable and spontaneously 
decompose. 

In its broad aspects the invention is not, however, limited to these reaction 
mechanisms. 

15 The ligands are selected from ligands which meet the above criteria in 

the group comprising: acetylacetonates (both substituted and unsubstituted); 
dialkyldithiocarbamates; carboxylates; pyridines; amines; diamines; arsines; 
diarsines; phosphines; diphosphines; arenes; alkoxy ligands; alkyl ligands; 
and aryl ligands. 

20 To enhance the desired photochemical characteristics, including the 

tendency of the products of the photochemical reaction to spontaneously 
thermally decompose, ligands from one or more of the following groups may 
be used alone or in combination with the ligands listed above: oxalato; 
halogens; hydrogen; hydroxy; cyano; carbonyl; nitro; nitrito; nitrate; nitrosyl; 

25 ethylene; acetylenes; thiocyanato; isothiocyanato; aquo; azides; carbonato; 
amin e; and, thiocarbonyl. 

For example, if it is desired to make a patterned Ni film then one may 
start with a metal complex 41 having the formula 
Ni(CH 3 (H)NC 2 H 4 N(H)CH 3 ) 2 (X) 2 where X=N0 2 . While the inventor does not 
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wish to be adversely bound by any particular theory, it is believed that the 
photochemical reaction proceeds as follows: 
(1) Ni^HsODNC^.NODCHa)^ => Ni(CH 3 (H)NC^ 4 N(H)CH3) 2 ro 

+ N0 2 

5 (2) NiCCHgOONCiH^a^CH^OO => Ni + gaseous by products 

When in step (1) the complex absorbs a photon of light of an energy 
appropriate to break the Ni-N0 2 bond then a thermally unstable reactive 
radical is formed. In step (2) the radical rapidly decomposes into Nickel metal 
or, in the presence of air, nickel oxide. The detached ligands diffuse away. 

10 Azide groups are particularly useful as ligands for promoting the 

initiation of a photochemical reaction with many metals. Ethylene, 
acetylenes and aquo (H 2 0) ligands are generally useful to cause the products 
of a photochemical reaction to be thermally unstable because these groups do 
not tightly bond to most metals. 

15 We have found that the process can be used to directly deposit a metal 

film. To generate high quality metal films it is generally preferable to create 
a patterned metal oxide film by the above methods and to then transform the 
metal oxide into a metal by reaction with a suitable reagent, such as 
hydrogen gas. This approach cannot be used to deposit films of metals such 

20 as aluminum which have very stable oxides (AL£) 3 is very stable). Aluminum 
films may be directly deposited as described above. 

Directly deposited metal films tend to have relatively poor quality 
because metal is opaque to light. Metal formed at the surface of film 40 tends 
to block light from reaching deeper portions of film 40. The metal film also 

25 tends to interfere with the diffusion of gaseous reaction products out of film 
40. Directly deposited metal films may be useful as resistors and, where high 
conductivity is desired, can generally be made into better conductors by 
annealing. For example, where the conductor is copper, annealing may be 
carried out at 300 °C for Vi hour. In general, where an annealed film is 

30 desired, films made according to the invention may be annealed at 
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temperatures at the low end of the range of generally accepted annealing 
temperatures for a given metallic material. 

As noted above, ligands L should be such that metal complex 41 is small. 
In general, where the new material is a metal, a metal oxide, or a metal 
5 sulphide the ligands should not include any organic groups comprising more 
than about 26 carbon atoms. If the ligands do not include any phenyl groups, 
then the ligands preferably have 12, or fewer, carbon atoms each. 

As it is desirable to apply metal complex 41 to substrate 44 by spin 
coating, it is preferable that metal complex 41 dissolve in and be stable with 
10 respect to a solvent suitable for use in spin coating. Many such solvents are 
known. Some examples are methylene chloride, acetone and toluene. 

An amorphous film of Cu 2 (0 2 CR) 4 -2H 2 0 with R=(CIi ) CI$ having a 

TABLE 1 



|M„L m 


Oxide 
Material 


Atmosphere 


1 Cu 2 (0 2 CR) 4 -2H 2 0 
R=(CfU,CH, 


Cu 2 0 


air 


Cu 2 (0 2 CR) 4 -2H 2 0 
R=C(C,H<)H(CH,),CH, 


Cu 2 0 


air 


Cr(CO),(CH,CH,),N(CJi.)NH, 


Cr,0, 


air 


Ce(0 2 CR) 3 

R=C(C,H,)H(CH,),CH, 


Ce,O y 


air/oxygen 


Y(0 2 CR) 3 
R=(CH,)XH, 


Y,O y 


air/oxygen 


Y(0 2 CR) 3 

R=C(C,H<)H(CH,),CH, 


Y x O y 


air/oxygen 


Ba(0 2 CR) 2 

R=C(C,HOH(CH,),CH, 


Ba x O y 


air/oxygen 


U0 2 (0 2 CR) 2 
R = C 9 HjOC»>H,; 


U,O y 


air/oxygen 


UO 2 (0 2 CR) 2 
R=CH„OC,H< 


u,o y 


air/oxygen 


A1(C,H,0,), 


AloO, 


air 
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thickness of 2 ^crn was deposited on a Silicon wafer by spin coating. In an air 
atmosphere at a temperature of 20°C, portions of the film were exposed to 
light having a wavelength of 254 nm. exposed portions of the film were 
converted to CxljO. It was possible to convert the Cu 2 0 films to copper metal 
5 films by exposing them to a hydrogen atmosphere at a temperature of 300 °C 
for 30 minutes. The copper metal films produced had bulk resistivity. 

Amorphous films of the metal complexes listed in Table 1 have been used 
to create the oxides listed in Table 1 according to the invention. As indicated 

10 by the variable subscripts x and y, the stoichiometry of some of these oxide 
materials was controlled by varying the amount of oxygen in the atmosphere 
surrounding the film as the photochemical reaction takes place. With a 
suitable mask, patterns of lines of metal oxide films having a width of 0.5 £trn 
have been deposited on a silicon substrate, as described above. 

15 The chemical mechanisms of the photochemical reactions vary depending 

upon the starting metal complex. Where the starting metal complex is 
Cr(CO) 4 (CH 3 CH 2 ) 2 N(C 2 H 4 )NH 2 it is thought that the electromagnetic radiation 
places the metal complex in a d-d excited state such that one or more of the 
metal to ligand bonds in the complex is unstable. 

20 Example 2 

An amorphous film of Cu 2 (0 2 CR) 4 -2H 2 0 with R=(CH^ 4 CH 59 as described 
in Example 1, was placed in a hydrogen atmosphere. Portions of the film 
were then exposed to light having a wavelength of 254 nm. The exposed 
portions of the film were converted to copper metal. After annealing the 
25 resulting Copper metal films in a hydrogen gas atmosphere at 200 °C for 4 
hours the films had a conductivity of 1.8 +/- 0.25 )iQcm. Without limiting the 
generality of the foregoing, it is believed that the absorption of light places 
the metal complex in a ligand to metal charge transfer excited state in which 
the metal to ligand bond is unstable. 



WO 96/15289 



PCT/CA95/00647 



• 17- 



A 0.1 Mm thick film of the metal complex NiCPEt^CNO^ was deposited 
on a silicon substrate by spin coating/Portions of the film were exposed to 
light having a wavelength of 336 nm in vacuum for 24 hours. The substrate 
5 temperature was maintained at room temperature (approximately 24 °C). 
The exposed portions of the film were converted to Ni metal. 
Example 4 

The method of the invention may be used to make films of materials 
containing several different metals. For example, YBa 2 Cu 3 O x , films may be 
10 made by be ginnin g with a stoichiometric mixture of the precursor metal 
complexes: Cu 2 (0 2 CR) 4 2H z O; Ba(0 2 CR) 2 ; and Y(0 2 CR) 3 , where 
R=C(C 2 H 5 )H(CH 2 ) 3 CH 3 . The process is carried out, as described above, in 
Example 1. Metal alloys may be produced by carrying out this process in an 
Oxygen-free atmosphere. 
15 flxpmplp g 

The method of the invention may be used to make amorphous films. For 
example, an amorphous film of a mixture of 

Cr(CO) 4 (H 2 NCH 2 CH 2 N(CH 2 CH 3 ) 2 ) and NiCPEt^GNJO^ (Et a CH.CH^ was 
applied to a substrate. Upon photolysis with 254 nm light in an air 
20 atmosphere the exposed portions of the film were converted to an amorphous 
material of the stoichiometry Cr 2 0 3 NiO. 
Example 6 

The method of the invention is not limited to making metal and metal 
oxide films. With suitably chosen ligands, patterns of molecular materials 

25 may also be deposited. Some such materials have application in non-linear 
optics or as dielectric films. Using the methods of the invention to produce 
molecular materials produces pure chemicals as end products, unlike the 
impure end products which are produced by the photochemical reactions of 
polymers. For example, a film of the metal complex 

30 Ni(CH 3 (H)NC 2 H 4 N(H)CH 3 ) 2 (NCS) 2 was deposited by spin coating a solution 
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of the complex in methylene chloride on a silicon substrate rotating at 1000 
R.P.M. Portions of the film were exposed to ultraviolet light from a 100 W Hg 
vapour lamp in an Oriel Housing with condenser optics and filtered through 
a 10 cm water filter with quartz optics. The exposed portions of the film 
5 underwent a photochemical reaction to form the molecular complex: 
[Ni^O^NC^NODCH^CNCS)] [NCS]. The reaction is thought to proceed 
by cleavage of an NCS ligand as follows: 

(3) /ra/w-Ni^Had^NC^.NOHDCH^CNCS)^ 

Ni(CH s (H)NC 2 H 4 N(H)CH3) 2 (NCS)^ + NCS 
10 The molecular complex formed may depend upon the frequency of light used 
to irradiate the initial metal complex film where there is more than one 
possible point of cleavage of the ligands in the initial metal complex. 

As will be apparent to those skilled in the art in the light of the foregoing 
disclosure, many alterations and modifications are possible in the practice of 
15 this invention without departing from the spirit or scope thereof. For 
example, the processes described above use opaque masks to block light from 
portions of a film being patterned. Any method for selectively irradiating 
portions of a film being patterned while leaving other areas non-irradiated 
also come within the scope of the invention. Some examples of such methods 
20 include direct laser writing, contact masking and projection printing. 

The processes described above have used spin coating to deposit films of 
metal complexes for practising the invention. The ability to create suitable 
films by using commonly available spin coating equipment is important and 
adds to the commercial value of the invention. However, other methods of 
25 depositing films of metal complexes come within the broad scope of the 
invention. Such methods include dip-coating, spraying, and other methods 
of depositing amorphous films of metal complexes on a substrate. 

This disclosure has described processes in which light is used to trigger 
photochemical reactions in a metal complex which yield a metal or a metal 
30 containing material. The frequency of the radiation required depends 
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primarily upon the metal complex in question. Visible, infrared, and 
ultraviolet light may be used with suitable metal complexes to practise the 
invention. Other triggers, such as electron beams, ion beams or atom beams, 
may also be used to practise the invention if they are able to populate the 
5 desired excited state (i.e. if they raise metal complex 41 to an energy state 
from which metal complex 41 can decompose by the path of the desired 
photochemical reaction. 

The methods of the invention may be combined in various ways with 
prior art techniques. For example, a film of metal complex 41 may be 

10 deposited on a substrate according to the invention and then a first portion 
of the film may be converted to a first new material, such as a metal, by 
exposure to a focused ion or electron beam according to prior art methods. 
Subsequently, portions of the film adjacent the first new material may be 
converted to a second new material, such as a metal oxide, by the methods 

15 of the invention, as described above. The resulting structure is planar and 
utilizes the high resolution of the electron beam to accurately define the area 
of first new material. 

As will be apparent to those skilled in the art in the light of the foregoing 
disclosure, many alterations and modifications are possible in the practice of 

20 this invention without departing from the spirit or scope thereof. Some of 
such alterations and modifications are discussed above. Accordingly, the 
scope of the invention is to be construed in accordance with the substance 
defined by the following claims. 
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WHAT IS CLAIMED IS: 

1. A method for making a pattern of a metal containing material on a 
substrate, said method comprising the steps of: 

(a) depositing an amorphous film of a metal complex on a surface 
5 of a substrate; 

(b) placing said film in a first atmosphere; and 

(c) exposing a first area of said film to electromagnetic radiation 
to cause said metal complex in said first area to undergo a 
photo-chemical reaction, said reaction transforming said metal 

10 complex in said first area into a first metal containing material 

adherent to said substrate. 



2. The method of claim 1 further comprising the steps of: 
(d) placing said film in a second atmosphere; and 

15 (e) exposing a second area of said film to electromagnetic radiation 

to cause said metal complex in said second area to undergo a 
photo-chemical reaction, said reaction transforming said metal 
complex in said second area into a second metal containing 
material adherent to said substrate; 

20 after said step of exposing first area of said film to electromagnetic 

radiation. 

3. The method of claim 2 wherein said first area is adjacent said second 
area and said first and second metal containing materials form a planar 

25 structure on said substrate. 



The method of claim 2 wherein said steps of exposing said first and 
second areas of said film to electromagnetic radiation respectively 
comprise aligning first and second masks over said substrate and 
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illuminating surfaces of said masks away from said substrate with said 
electromagnetic radiation. 

5. The method of claim 4 wherein said electromagnetic radiation comprises 
5 ultraviolet light. 

6. The method of claim 2 wherein said first atmosphere comprises oxygen 
and said first metal containing material is a metal oxide. 

10 7. The method of claim 1 wherein said first atmosphere comprises oxygen 
and said first metal containing material is a metal oxide. 

8. The method of claim 7 wherein said first atmosphere is air. 

15 9. The method of claim 7 further comprising the step of removing 
remaining metal complex from said substrate after said step of exposing 
said first area of said film to electromagnetic radiation. 

10. The method of claim 7 further comprising the step of reacting said metal 
20 oxide with a suitable chemical in a suitable atmosphere to reduce said 

metal oxide to a metal adherent to said substrate. 

11. The method of claim 1 wherein a local temperature of said first metal 
containing material is maintained below an annealing temperature of 

25 said first metal containing material throughout said step of exposing first 

area of said film to electromagnetic radiation . 

12. The method of claim 11 wherein said local temperature is maintained 
below 320 °C. 



30 



WO 96/15289 



PCT/CA95/00647 



-22- 

The method of claim 1 wherein said step of exposing said first area of 
said film to electromagnetic radiation comprises aligning a first mask 
over said substrate and illuminating a surface of said mask away from 
said substrate with said electromagnetic radiation. 

The method of claim 13 wherein said electromagnetic radiation 
comprises ultraviolet light. 

15. The method of claim 1 wherein said metal complex comprises one or 
10 more metal atoms bonded to one or more ligands, at least one of said one 

or more ligands is bonded to said metal complex by a chemical bond 
which is broken by the absorption of electromagnetic radiation, wherein 
said complex is thermally unstable when said at least one ligand is 
removed. 

15 

16. The method of claim 15 wherein said at least one ligand comprises an 
azide group. 

17. The method of claim 15 wherein said ligands are selected from the group 
20 consisting of: substituted acetylacetonates; unsubstituted 

acetylacetonates; dialkyldithiocarbamates; carboxylate; pyridines; 
amines; diamines; arsines; diarsenes; phosphines; diphosphenes; arenes; 
alkoxy ligands; alkyl ligands; and aryl ligands. 

25 18. The method of claim 17 wherein said ligands do not comprise any organic 
groups containing more than 26 carbon atoms. 

19. The method of claim 18 wherein said ligands do not comprise any organic 
groups containing more than 12 carbon atoms. 

30 



13. 



14. 
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20. The method of claim 18 wherein said at least one ligand comprises 
(0 2 CR) wherein R is a short chain organic group. 

21. The method of claim 20 wherein R is (CH^CHa. 

5 

22. The method of claim 17 wherein said metal complex comprises more than 
one ligand and at least one of said ligands is selected from the group 
consisting of: oxalate; halogens; hydrogen; hydroxy; cyano; carbonyl; 
nitro; nitrito; nitrate; nitrosyl; ethylenes; acetylenes; thiocyanato; , 

10 isothyocyanato; aquo; azides; carbonate; amine; and, thiocarbonyls. 

The method of claim 15 wherein said absorption of said electromagnetic 
radiation places said metal complex in a ligand to metal charge transfer 
excited state in which a metal to ligand bond in said metal complex is 
unstable. 

The method of claim 15 wherein said absorption of said electromagnetic 
radiation where the electromagnetic radiation places said metal complex 
in a metal to ligand charge transfer excited state in which a metal to 
ligand bond in said metal complex is unstable. 

25. The method of claim 15 wherein said absorption of said 
electromagnetic radiation places said metal complex in 
a d-d excited state such that a metal to ligand bond in 

25 said complex is unstable. 

26. The method of claim 15 wherein said absorption of said 
electromagnetic radiation places said metal complex in 
an intramolecular charge transfer excited state such that 

30 a metal to ligand bond in said complex is unstable. 



23. 



15 



24. 



20 
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27. The method of claim 15 wherein said absorption of said 
electromagnetic radiation places at least one of said 
ligands in a localized ligand excited state wherein a bond 
between said excited ligand and said metal complex is 

5 unstable. 

28. The method of claim 1 wherein said absorption of said electromagnetic 
radiation places said metal complex in a intramolecular charge transfer 
excited state such that at least one of said at least one ligands is unstable 

10 and degrades. 

29. The method of claim 1 wherein said absorption of said electromagnetic 
radiation places at least one of said ligands in a localized ligand excited 
state wherein said excited ligand is unstable and degrades. 

15 

30. The method of claim 1 wherein said absorption of said 
electromagnetic radiation places said metal complex in 
a metal to ligand charge transfer excited state such that 
at least one of said at least one ligands is unstable and 

20 degrades. 

31. The method of claim 1 wherein said absorption of said 
electromagnetic radiation places said metal complex in 
a ligand to metal charge transfer excited state such that 

25 at least one of said at least one ligands is unstable and 

degrades. 



32. The method of claim 1 wherein said metal complex has two or more 
isomeric forms and said amorphous film comprises a mixture of two or 
30 more of said isomeric forms of said metal complex. 



WO 96/15289 



PCT/CA95/00647 



25 



33. A method for making a planar pattern of a metal containing material on 
a substrate, said method comprising the steps of: 

(a) depositing an amorphous film of a metal complex on a 

surface of a substrate; 
5 (b) placing said film in a first atmosphere; 

(c) exposing a first area of said film to an electron beam or 

an ion beam to cause said metal complex in said first 
area to be transformed into a first new material adherent 
to said substrate; 

10 (d) placing said film in a second atmosphere; and 

(e) exposing a second area of said film adjacent said first 

area to electromagnetic radiation of a wavelength 
suitable to cause said metal complex in said second area 
to undergo a photo-chemical reaction, said reaction 

15 transforming said metal complex in said second area 

into a second metal containing material adherent to said 
substrate. 



34. A method for making a planar pattern of a metal containing material on 
20 a substrate substantially as described in this patent application. 
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